Two case reports of nonepileptic children are presented, who developed paroxysmal EEG potentials in routinely performed EEG recordings during inhalation of sevoflurane, 7 and 8% by volume respectively. Taking into account several reports from the literature about epileptiform potentials or convulsive movements under similar conditions, it seems to be important to investigate carefully the circumstances under which these phenomena appear as well as possible clinical consequences.
Sevoflurane is a potent volatile anaesthetic which has a very low blood/gas partition coefficient. Furthermore, it has a mild odour and displays a low incidence of airway irritation. These qualities enable a smooth inhalational induction as well as a rapid recovery from anaesthesia and make it especially favourable for inhalational induction in children 1 . Several authors give accounts on the use and possible advantages of higher sevoflurane concentrations ranging up to 6, 7, or 8 volumes %, for instance during mask inductions in both children and adults [2] [3] [4] [5] [6] .
To assess depth during anaesthesia we monitor the EEG regularly using the EEG monitor Narcotrend ® (MT MonitorTechnik, Bad Bramstedt). The Narcotrend ® is suitable for 1-and 2-channel recordings. For the control of the depth of anaesthesia a single channel presents the standard. The Narcotrend ® offers graphic representations of the raw EEG signal and of spectral parameters, automatic artefact recognition, and an automatic EEG classification 7 .
In the course of routinely performed EEGcontrolled sevoflurane anaesthesia in children we observed epileptiform activity as a special pattern in the EEG when sevoflurane concentrations of about 7 to 8% by volume were administered. Two cases are described.
CASE HISTORIES Case 1
The first patient was a five-year-old boy with a body weight of 18 kg undergoing an operation of his paranasal sinuses. He was premedicated orally with midazolam 6 mg. After intravenous induction of anaesthesia with methohexitone 40 mg, atracurium 9 mg and subsequent tracheal intubation he received sevoflurane combined with a 30:70% mixture of oxygen and nitrous oxide. When the operation was about to start the inspiratory concentration of sevoflurane was raised to 7% in order to deepen the level of anaesthesia. Approximately four minutes later, shortly after the end-tidal sevoflurane concentration had reached 5% while CO 2 values were constantly within the normal range, epileptiform potentials appeared in the EEG. Soon after that the EEG indicated suppression. The inspiratory sevoflurane concentration was reduced immediately. When the EEG changed from suppression back to a pattern with continuous waves, sharp activity was again seen. Figure 1 presents portions of the child's EEG. Blood pressure and heart rate reached values around 85/50 mmHg and 65 beats/min while the EEG showed very deep stages of anaesthesia. Later, after completion of the surgical manipulation, the child was easily extubated and the postoperative course passed without complication.
Case 2
A three-year-old girl weighing 14 kg was admitted for an emergency operation after having been bitten by a dog near her right eye.
After oral premedication with midazolam 5 mg, mask induction with sevoflurane was performed and she was given atropine 0.2 mg and atracurium 7 mg. Subsequent to the induction the child received 2.5% sevoflurane in a 30:70% mixture of oxygen and nitrous oxide. Just before the surgical procedure started the sevoflurane concentration was first raised to 6% and then 8%. A few minutes later epileptiform potentials appeared in the EEG. At that time the end-tidal concentration was 6.4%. The child's heart rate was 136 beats/min and blood pressure 105/55 mmHg. The CO 2 values were within the normal range. As soon as the epileptiform potentials were detected the inspiratory sevoflurane concentration was reduced to 2%. There was a flat EEG for a short time and rather sharp potentials appeared at the transition to continuous activity. No further unusual EEG potentials were seen. The remaining course of anaesthesia and the whole postoperative period remained uneventful.
DISCUSSION
In both cases presented, epileptiform potentials appeared in very deep stages of anaesthesia during administration of 7 to 8% sevoflurane. Only a single EEG channel was recorded, but with careful visual analysis ECG, EMG and cable artefacts could be excluded.
Several reports from the relevant literature also indicate that higher sevoflurane concentrations or deep stages of anaesthesia respectively, seem to be of importance.
Woodforth et al 8 described the case of an 11-yearold child with no history of epilepsy. During sevoflurane anaesthesia there were no unusual clinical occurrences such as movements, but on inspection of the EEG afterwards, spikes and polyspikes were detected. These appeared after the sevoflurane concentration had been gradually increased from 2% up to 7% over 30 minutes, and 7% sevoflurane was given for five minutes. It follows that in this case, too, anaesthesia must have been very deep.
Komatsu et al 9 reported two children with a history of known epilepsy whose EEGs showed epileptiform activity during deepening of sevoflurane anaesthesia. The concentrations of sevoflurane were temporarily lower than in our children without epilepsy, but in both children described by Komatsu et al 9 , reducing the sevoflurane concentration resulted in a disappearance of the epileptiform patterns.
Haga et al 10 observed convulsions during induction with sevoflurane in 6% of 180 children who were studied. The convulsions occurred more frequently using a dosage of 6.4% rather than 4% sevoflurane.
Zacharias 11 observed convulsive movements and board-like rigidity during induction of anaesthesia with 7 to 8% sevoflurane in two children aged two and four years.
To date, epileptiform potentials during sevoflurane anaesthesia have not been reported very often. One reason may be that EEG monitoring is not yet widely used or perhaps it could be due to a lack of train- ing for anaesthetists in interpreting the raw EEG.
Our observations indicate that it is sensible and necessary to provide a clearly visible representation of the raw EEG for the purpose of intraoperative EEG monitoring. Very deep stages of anaesthesia with epileptiform potentials can contain a great proportion of higher frequencies. As a consequence representations of spectral parameters may be misleading during these stages, falsely indicating even a shift toward lighter stages of anaesthesia. This is illustrated in Figure 2 , which shows a section of the course of spectral parameters concerning Case 2. Immediately before and during the period of epileptiform potentials beginning at about 20:40 h, the values of the median and the spectral edge frequency as well as the amount of higher frequency waves in the EEG increased. Without an understanding of the raw EEG there was every reason to believe incorrectly that anaesthesia had become lighter. In this case the changes of the frequency content are rather moderate compared to the EEGs of others of our patients.
Because of its favourable characteristics sevoflurane is nowadays widely used. But so far it cannot be excluded that epileptiform potentials might indicate a possible harmful effect on patients. Therefore, it seems to be especially important to investigate carefully those conditions under sevoflurane anaesthesia which are accompanied by the appearance of epileptiform potentials as well as possible clinical consequences.
